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This study provides for an identification of accident scenarlo(s) and asso~1&ted 

occupant risks and survival equipment needs, relatlog to the inadvertent or unplanned 
water contact of transport cattgory airplanes. This IAentlfication was ob~ained, In 
part, from the results of contractual studies of transpurt accident data. The subject 
study cOhcludeM that while the unplanned water contact of a transport airplane occurs 
le8. frequent than corr1..8ponding ground contact, the illpact loads are ofte~ higher. 
leading to greater fuselage damage. Also, the unplanned water contact occurs more 
frequent than a planned water landing (ditching) and u8ually involves adverse flooding 
conditions. These conditions, in turn. affect the ability of occupants to retrieve, 
deploy and/or don on-board floatation equi~ent. 
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EXECUTIVE SUMMARY 

Th1s study identifies the accident scenario(s) and associated occupant risks and 
survival equipment needs. relating to the inadvertent or unplanned water contact of 
transport category airplanes. This study focuses ~n the results contained under a 
reC'lnt industry evaluat:&.on of survivable transport aircraft accidents. Theae 
,,:,elultlO are summarized with emphasis placed upon the definition of the unplanned 
waL.t.:r crash envlrorlment. From thill and other available illlformatioR. the behavior 
0; ~i~ic~l tr~nsport airplanes in unplanned water contact type accidents il identi
fied to include the general cundition of the cabin. structural da~ag~. floatation 
t1.8\.1, attitude. availability of elDergency e::1t8. emergency evacuation equipment. 
and other factors found relevant to occupant survival. 
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INTRODUCTION
 

PURPOS~. 

The purpose of this study ilas to hent ify the accident scenario{ s) and aS80c;1.ated 
occupant risks and Burvi\al eq~tlffl~nt needs. relating to the inadvertent or 
unplanned water contact of transport category airplanes. 

BACKGROUND. 

During the 1970's the Federa. Aviation Administration (PAA) and aviation cOllllllunity 
directed s significant amOUl' t of research towards the develop1llent of il.pro',ed 
aircraf' water evacuation and survival "'qulplllent. With elllphasie placed upon 
occupa.... survivabiUty during the controlled or noraally configured eIIergency 
landing of an aircraft on the water. this effort was focused primarily on iUlprovlng 
the access and use of onboard floatation equipment. The avallabiUty of new low 
weight materials aade possible the development of lighter. aore acce.sible lifer4ft 
designs ~.ncluding door mounted slide/raft devices that could be launched automati
cally from the aircraft exit. Such It&terials alRo provided for Dew litevest 
desians characterized by higher buoyancy performance. Theae eo.ulpaent improveaents 
vere reflected under the eetabU.haent of nell design and iuatallatioD require_cts 
and associated crew training and operational procedures. To date. r.quiremenU, 
applicable to new slide/raft. literaft and litevest designs. have be.n adopted 
under recent airworthiness dnd operational rule changes and/or are curr~ntly b.ing 
promulgated under new proposed minimum perforlllance standards (references 1 to 8). 

In 1981. the FAA initiated further reaearch to illprove occupant aurvivabiUty in 
aircraft accidents re8ulting froll inAdvertent or unplanned vater contact. Areas 
addr••••d under this r.search effort were: aircraft certification and operational 
proviaions for unplanned water landings near airport t.rMinals; aircraft floatation 
equipment needs which take into account occupant hypotheraic eff~cta and oqui,.ent 
accea.ibility and use; and airport vaterlsea re8cue procedures. The subject atudy 
repreaenta a 8upporting part of this reaearch effort. Specifically~ it i. al.ed at 
the identification of the u~planned water contact scenarioCs) and includ.s occupant 
risks and survival equipment needa. The atudy focuae. on the r.sults contained 
und.r a recent industry evaluation of survivable accidentl (reference. 9. 10, 
and 1l). These results w111 be sUIIIlDarlzed vith ellphad. placed upon the idel..
tillcation of the unplanned water-crash environaent. Also, from available info~
tion. the study v111 characterize the behavior of typica~ tran.port airplanes in 
unplanned water contact type aceidenta to include the lelleral condition of the 
cabin. structural da.age, floatation tille and attitude. availability of exits and 
ellergeney equipment, and other factor. found relevant to occupant aurvival. 

ACCIDENT SUMMARY 

DATA BASE. 

In January 1980. an accident study was contrMeted with thr.e lIajor aircraft manu
facturers (reference. 9. 10. and 11) for the prillary purlK'.se of defining a rang. 
of craah situations that would forll the basts for i.provea crashworthlness desian 
technology and the identification of structural components and aircraft .yste.. 
that inUuer.ce the crash behavior of an aircraft. The data baae for tloi••ffort 
began with a review of 80lle 933 transport ground/~;}ter accid.nta which ha( occurred 
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between the years of 1959-1979. The accident ~aLa were obtained from various 
80lJrCes including FAA/Civil Aeronautics Roard (CAB) and National Tnnsportatlon • 
Safety Board (NTSB) reporte. and information released by forefgn governlDent 
organizations, airlines. and aircraft ..anufaduren. The accidents selected for 
evaluation "ere survivable accidents in which the governing criteria were estab- . 
lished around (a) a survivable airfra~e volume (prior to fire). (b) the capability 
of at least one occupant able to withatand the accident environment, (c) the 
potential ior occupant egress, andhu (d) a demonstration of structural sYltem 
,Jerformance. 

For the purpose of thil report the accldent data base selected under reference 9 
was u~ed because of the elDphasia placed upon the water contact occurrence. 
This data base 11 presented in table 1 and contains a total of 153 worldwide 
transport aircraft accidents in which water involvement was identified in 16 of the 
cases. As noted. the sU1llllary provided in table 2 covers 11 of these accident 
cases. since water was only incidental to 5 of the 16 accidents and not directly 
a.sociated with resulting fatalities/injurif:s. Tl,e easel that have been excluded 
are the 8707 <'ao accident; L1011 Everglades a.ccidenti 8727 Maderia accidenti 
8727 Medco (..I..:y accidenti and the 8707 Rio de ,'1anlero acc1dent. The 11 water 
i.pact accidents are characterized by the prelence of 218 fatalities and 80 serious 
injurie.. A brief a.ae.s.ent of both the 153 land and water accidents. a. they 
relate to leverity of occurrence. occupant lurvivability. aircraft alze and 
configuration. operational phaaes. structural da.age. and syste.. partici~tion il 
provided in the folloWing sections of this report. 

SBVERITY/SURVIVABILITY. 

The 1S3 aecldents in the data ba5e llere asseased on the a.ount of damage to the 
aircraft and the effect of this daaage on survivability. The extent of daaage 11 
catagorized in table 3 with the ~ffect on occupant survivability aUlD.ariaed 
in table 4. fint t aa regards to the selected data base and overall surviv
ability. fire p!'eeented the greatest hanrd. Known fire fatalities outnUlllbered 
known traUlDa fatalities by 2.84: J • Fire hazard wIla ..oat aevere for accidents 
havlng major fuel spills due to ~upturing of fuel tank (categories 4. 5. and 6). 
Tnuaa fatalities occurred 1I0ltly .1n categories Sand 6, which involved severe 
fus.lape bre~ks. The single instance in category 2 resulted from a local los. of 
aurvivable 'Iolumei and 5 inatancea in ,ateg?ry 4 resulted from severe lower 
fuaelage cru.b. While deep water i ..pact accidents represented Ie.. than 10 percent 
of the It,ud:, data b88e, Uttle structural or detailed information 1s available on 
such acc1dentl in which a large percentage of the occupant fuselage perished. 
Water ilDpact ulually relults in severe damage to the lover fuselage. often accom
panied by ~~las. 2 break. in the fuselage and eeparatlon of wings. flogines. and 
landing geAr. In 10lDe calel involVing low ilDpact conditions, aany occupante 
drowned after evacuating the aircraft. In ~ueh case8. the high fatality rate was 
due to inalJproprlate action l)f the cabin crews after the aircraft cue to rest. As 
noted, drooming8 accounted for 218 fataUUes. at least 15 of which occurred after 
evaeuaUon. In ID08t acc.:ldents involving drowning. few detaUs are available. 
exeept fOl' the DC9 St. Croix accident. In th.LS case. the drownings IIf.lre found to 
have occuJ'red after evacuation with fatalities due to trauma o~curring ae a result 
of floor distortion and seat aeparation. and to occupants who did not use their 
••atbelta. In geneood. the overall survivability of either tbe ground or vater 
iapact ac,:ident deereasea a6 the .ajor structural damage to the altcre{t Incr~ases. 
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TABLE 1. STUDY DATA BAS! 
... 
~ 

~ ~ ~ 
~ ~ ~ sot: _-.. A' ~$ .... q,~ ~ oJ' 

..... ~ $I ~ t:.~ 
..... ~~ ~ ~ ~ ~ ~ 
~ cf; $' ~ ~ ~ ~ 

1019S9 707 OSO, ~ASHINGTON I 8. 0 APP FIRE PAR WAT
OR27S9 CHT ASCUNCION X SO 2 ? "'P UOf
022060 CHY 8U£NOS AIRES X 6 0 0 lOG FIRE YES
0771'" OC~ DENVER X 122 17 0 lOG FIRE rES
0119fil OC8 JFK I 106 4 1 TO fiRE PAR 
061~1 :'07 USBDN 103 0 2 LOG FIRE YES
122161 eMIT ANKARA I 34 Z7 ~ Cli fiRE UDF
092461 710 BOSTON 71 0 Z L~ YES WAT
092761 CVL BRASSILA I ? 7 7 LOG FIRE UDf
072761 707 HAMBURG I 41 0 10 TO FIRE YES
060362 707 PARIS, ORLY I 132 Il0 2 TO FIRE uor
082062 DC8 lUG DE JANlERO x 10~ 15 1 10 YES WAT
070363 eVL CORDOBA, ARGENT! NA I 10 0 1 APP fIRE YES
031864 BAC WI $lEY. ENG. 5 0 1 lOG YES
040764 707 JFK X 145 0 7 lOG YES WAT 
112364 107 ROME X 73 48 20 TO FIRE YES 
032264 eMT SINGAPORE X 86 0 0 LDG FIRE Y£S
050265 720 CAIRO I 127 121 6 APP FIRE uor 
070165 707 KANSAS CITY X 66 0 l lOG YES 
110865 727 CINCINNATI X 62 58 4 AP, FIRE PAR 
111165 127 SALT LAKE CITY X 91 43 lS lOG fIRE YES 
091365 880 KANSAS CIT.Y I 4 0 0 ell flR( YES 
022765 880 IKJ IS., JAPAN X 6 0 2 lO' fIR[ YES 
070466 DCB AUCICLANO I 5 2 1 TO Fill PAl 
082666 880 TOUO X 5 5 0 '0 fJR[ YES 
030466 DCS TOKYO X 71 64 8 APP FIRE UDF 
063066 TRI ~UWAIT I 83 0 0 APP YES 
122466 DC8 MEXICO CITY X 110 0 6 APP FIRE YES 
021566 CVL NEW O£LHI J 81 2 14 APP fIRE YES 
110667 707 CINCI"NATI X 36 J 2 TQ fIRE PAR 
111067 BAO CINCINNATI I 81 70 12 APP fJRE PAR 
030567 DC8 MONROVIA X 90 SI 13 alP FIRE UDf 
063067 CVL HONG kONG I 80 17 5 AlP YES WAT 
092967 eMf ROME X 66 0 0 lOG YES 
110567 880 HONG ItOHG I 137 1 t TO YES WAY 
122768 DC9 SIOUX CtTY X 66 0 3 TO YES 
032868 De8 ATLANTIC CITY 1 4 0 Z lOG fiRE YES 
061368 707 tAlCUnA X 63 6 2 APP FIRE YES 
DEOl68 727 JFK 102 0 4 LDE UDf 
032168 727 CHICAGO X 3 0 1 TO fIRE YES 
020768 707 VANCOUVER, B.C. X 61 1 0 lOG PAR 
021668 727 TAIPEI X 63 21 41 APP fIRE UDf 
040868 701 LONDON I 127 5 1 eLl FIRE YES 
042068 707 WINDHOEK x 128 12l 5 CLI fIRE PAR 
080268 DC8 MILAN X 9S 12 1 AP, FIRE YES 
011469 BAC MILAN X 33 0 0 TO YES 
101669 DCB STOCKTON. CA. I 5 0 0 LDG FJRE YES 
010569 127 LONDON GATWICK X 6!i so 14 APP FIR[ PAR 
011369 DC8 LOS ANGELES X 4S 15 17 APP YES WAT 
092169 727 MEXICO ClfY X 118 28 78 AI, PAA WAT 
091269 BAC ....ANILA.' I 47 45 2 ~p rlRE PAR 
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TABLE 1. STUDY DATA BASE (Continued) 

OFi'4M AM!' JI'U~t~ LAkE 
021170 707 STOCKTnN, CA 
07'~ln 737 PHILADELPHIA 
090810 ocq LOUISVILLE 
122810 721 ST. THOMAS 
080~110 990 ACAPULCO 
llZi'10 OCS ANCHORAGE 
012;'10 DCa NAHA. OKINAWA 
020'110 CMT HUNICH 
033110 CfL CASASlANCA 
050210 DC9 ST. CROIX. V.I. 
010570 DC8 TORONTO 
091570 DC8 JflC 
OiUS10 990 STOCK~LM 
01~910 BAC G(ROHA, SPAIN 
120770 BAC CONSTANA 
113010 707 TEL AVIV 
012371 701 BOMBAY 
090671 BAC HAMBURG 
1i!1571 707 URUNCll1. CHI NA 
OS187l DCt FT. LAUDERDALE 
0~2472 DC8 BOMBAY 
12087Z 131 CHICAGO MIDWAY. 
121572 741 MIAMI 
lZZ072 DC9 CHICAGO O'HARE 
122912 lIO MIAI4I 
CI1?1n DC9 ADANA 
1)4I)7n VCI ADD IS ABABA 
:lit1312 7n7 JFIC 
l1ze17 DC8 MOSCO~, USSR 
122312 fZ8 OSL('I
122872 FZS BOL8AO, SPAIN 
030573 707 DENVER 
013113 DC9 BOSTON, MASS." 
112113 DC9 CHATTANOOGA 
112773 DCt AKRON. OHIO 
012273 707 KHAHO, NIGERIA 
053173 737 NEW DELHI, 
060973 701 RIO DE JANEIRO .• 
102813 737 GREENSBORO 
061673.707 BUENOS AJRES' 
062373 DCB Jflt 
121773 OCt GREENSBORO 
121773 DCI BOSTON 
121973 707 NEW DELHI 
122373 eVL MANAUS, BRAZIL 
011674 707 LOS ANGELES 
011374 707 PAGO PAGO. AM. SAMOA 
091174 OC9 CHARLOTTE. N.C. 
091174 721 PORTO ALEGRE,BRAZll 
010174 f2S TURIN, ITALY 

"" ~

~ 

~.J ~ ~
~

~ 
~ ~., .!.f 
~~ #:;I ...... " 
"oJ"~ ~ _~ ~ '" 

" ~ ...."t ~ ~ ~ s.~ ~¥ ~~~ ~ ~ ~ ~ ~ 
I 5 J ? ClI fiRE YES
 

5 0 1 lOG YES
 
X 62 0 ) TO YES
 

'4 0 0 lOG fIRE YES
 
X 55 2 11 lOG fIRE YES 
X 8 0 8 lOG FIRE YES 
X229 ~1 47 TO fiRE YES 
X 4 4 0 APP PAR WAf 
X 23 0 0 TO FIRE YES 
X 82 61 21 APP fiRE UOf 
X 63 25 25 LOG PAR WAT 
X lOB 108 0 LOG fIRE YES 
X 156 0 11 LOG fiRE YES 
X 10 5 4 CLI' PAR 
X 85 0 3 TO YES 
X 27 18 ? APP UDf 
X 3 0 0 TO fiRE YES 
X 5 0 0 TO fiRE YES 
X121 22 ? eLI fIRE UOf 
X 3 0 0 LOG YES 
X 10 0 3 LOG FIRE YES 
X120 0 0 lDG fIRE YES 
X 61 43 12 APP fiRE PAR 
J 160 0 0 LOG YES 
X 45 10 9 TO fIRE YE~ 
I 176 99 60 APP FIRE NO WAl 
I 5"1 ? AlP FIRE lJOf 
X 1~7 43 1 TO FIRE UDf 
l~ 0 0 TO FIRE YES 

" "I) 61 IS CLl fIRE UOf 
, ) 40 ? APP FIRE UDf 

4 0 '4 LDG ,YES 
3 0 0 TO fiRE YES 

89 89 0 AlP FIRE PAR 
I 17 0 5 APP fiRE YES 

·x 26 0 16 LDG YES 
X20Z 112? LOG fIRE YES 
x 65 52 ? APP FIRE YES 

,X 4 2 0 APP P.~ WAT
 
96 0 0 LOG fiRE YES
 
B6 0 0 LOG fiRE YES
 

128 0 8 LOG fiRE YES
 
91 0 0 TO fiRE YES
 

x 151 0 3 LOG fiRE YES
 
X 109 0 3 lOG FIRE YES
 
X 57 0 1 LOG YES
 
1 63 0 3 LOG fiRE YES
 
X101 97 5 APP FIRf. YES
 
X 82 71 10 APP fIRE PAR I
 

74 0 0 LOG YES
 
X.__42.38 4 AlP f JRE UOF
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TABLE 1. STUDY DATA BASE (Continued) 

010274 f2A IlMIR, TU~KEY 
031S74 CVl TURAN, IRAN 
112074 J4' ~AIR08I, KENYA 
020975 BAC LAk( TAHOE 
033175 737 CASPER, WYO. 
062475 72.7 JH
 
080775 727 DENVER
 
092475 FZ8 PAl[~BAHG
 
Jj1l1S 727 RAlEIGH~ N.C.
 
111275 DC1 JFK
 
111575 f28 NR. BUENOS AIRES
 
12161~ 141 ANCHORAGE 
010216 OC1 ISTANBUL 
040~76 721 KETCHlr-AN 
041276 720 BARRANQUILLA. COL. 
042776 727 ST. THOMAS. V.I. 
062376 DC9 PHILADELPHIA 
121676 880 MIAMI 

·111676 DC9 DENVER 
030471 DCe NIAMEY. NIGER 
031771 701 PRESTWICK 
032711 747 TENERlfE 
032711 '41 TENERIF£ , 
040471 DC9 NEW tOPE. GA. 
092777 DCR kUALA LUMPUR 
100277 DCR SHANNON 
1"977 727 ~AD[IRA 
112117 BAC 8ARILOCHE, ARG. 
121871 CVL MADEIRA 
0418n DC8 Tl'kYO
 
111177 747 JFK
 
021178 737 CRANBROOK, B.C. 
nJ0178 OC1 lOS ANGELES 
OJ0378 oce SANTIAGO DE COMPO. 
040278 737 SAO PAUlO 
040478 737 CHARLROI. BELGIUM 
050818 721 PENSACOLA 
052518 880 MIAMI 
0626/8 OCt TORONTO 
010918 EAC ROCHESTER 
]03179 DC1 MEXICO CITY 
111518 DCa COLUMBO, SRI LANKA 
121778 737 HYDERABAO. INDIA 
122378 DC9 PALERMO, ITALY 
122978 OC8 PORTLAND. ~EGOH 
032578 720 lONDON 
020979 OC9 MIAMI 
021979 701 ST. LUCIA 
031479 727 ODHA,QATAR 
OC2679 737 ~ADRAS 
100779 OCR ATHENS 

fv 
~ 

~ §~ 
~ ~ ~ ~ 
~.J¥ ~~ k ~~ 5:,J 

~~~~ C,.. 
~ a~ ~ ~ ~ ~ ~ 
~~~~ ~ ~.f~ 
X 72 65 1 ClI fIRE UDF
 
1 96 15 1 TAJ FIRE YES
 
I lS7 59 ~4 Ctl [IRE PAR
 
X ~4 0 0 TO YES
 
I 99 0 1 lOG' YES
 
X 124 112 12 APP fIRE PAR
 
1 134 0 15 eLI YES
 
I 62 ZS 1 lDG FI~E UOf
 

139 0 1 APP YE~
 
X 139 0 2 10 FIRE YES 
X 66 0 . 0 ~p YES
 
. 121 0 2 TAl YES
 

X 373 0 1 lOG fIRE YES
 
X 57 1 32 lDG FIRE YES
 
x: 4 o· 1 APP f IRE YES:'J: ~(.~: t: ~JRE ~:: 

..x .. 3 0 - 1 TO YES 
J 85 0 .. 2 10 f IR( YES 

"x "z ',~ 2 NJP fIRE YES 
I 4 0 . 0 TO fiRE YES
 

'X 396 334 62 TAX fIRE PAR
 
J 246 246 C 10 FIAE YES
 
X. ,85 62 22 APP f IRE PAR
 
X 19 34 1 APP FIRE UDF
 
x 259 0 1 TO FIRE YES
 
X 164 )28 36 LOG FIRE PAR WAI
 
X 7t 45 3C APP UDr
 
x . 57 36 ]3 lOG YES WAI
 
I 140 0 0 10 YES
 

3 0 0 lOG YES
 
X 49 42 5 tOG FIRE PAR
 
I 197 2 31 TO FIRE YES
 
X 222 0 52 lOG YES
 
X 42 0 0 LOG fIRE YES
 
X '. 3 0 0 LOG FlRE YES
 
X' 58 3 11 APP YES WAf
 
X: 6 0 0 TO.' YES
 
X 107 Z l. TO PAR
 

11 0 1 LOG YES
 
X 87 iO 17 lOG FIRl UOF
 
I 259 195 1 APP flR[ UDF
 
I 126 1 " 10 fiRE YES
 
I 129 108 1 lOG ' UDf WAT 
I 186 10 13 IoPP PAR
 

82 0 1 LOG YES
 
X 5 0 1 Cli YES
 

170 0 0 APP YES
 
I 64 CS 15 ~p FIRE PAR
 
I 67 0 8 LOG FIRE YES
 
X 1~4 14 0 lDG ~IR[ YES
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TABLE 2. ACCIDENT DATA BASE SUHKARY (1959-1979) 

LAND ~ TOTAL 

Accidents 142 11 153· 

FataUties 3573 218 3791 

Serious 

Injuries 1046 80 1126 

*Foreign 91 
u.s. and Possessions 62 

AIRCRAFT SIZE/CONFIGURATION. 

Figure 1 identifies the 8ize of aircraft represented in the data base. and figure 2 
provides for the percentage of accidp.~'s as a function of aircraft size and confi1
uration. Small co.-uter type short haul aircraft, constitute approximately fO 
percent of the accident cases; larger ohort haul group, approximately 20 percent ,f 
the casec; narrow-body long haul group. approxlmetely 3S percent; and wide-bo~\, 

long haul aircraft, approximately 5 percent. Of particular interest is the effec~ 

of ,ize on aircraft cra8h perforllance and survivability. Considering the effects 
of scale. as in dynamic modeling. it might be expected that larger aircraft would 
fare better than 6l1aller aircraft if the crash envirol\lllent is not scaled up. 
Further. the individual occupant does not scale up but becomes relatively 8maller 
in the larger aircraft with a correspo"Jing improvement in hi~ survival prospects. 
For instance. fuselage structural elements such as frames and atringer8 are 
stronger in an absolute sen8e and offer greater energy absorbing capability for 
larger cO\lllllercial Jet aircraft than for slDaller propeller d~iven aircraft. This 
feature prOVides an inherent erashvorthine88 performance of the Jet 8S compared to 
the propeller airersft. An alsessment of the accident data seems to indicate that 
relative 8ize within the jet group has only minor effects on the cra.h performance. 
In general. it takes a larger tree. a larger houle. and a deeper or wider ditch to 
do equivalent damage to a large airel'aft. There are axeeption, however. when 
considerll'g accidents between saaller cOIUDuter aircraft with pres,urized and non
pressurized fuselage of unequal strength but equivalent size. Notwithstanding that 
no two accidents are identical. an accurate comparison of damage between a lllrge 
and small aircraft with or without pressurized fuselages can be made. 

With respect to the effects of aircraft configuration on thi! total I\UlIlber of 
accidents. figure 2 also provides for the difference between aircraft types and 
s",rvice classes. It can be seen that apprOXimately 20 percent involvad non
r-a8senger ser-vice as further broken down into cargo, training. and positioning 
flights. As regards to cargo service. a review of the accident data showed IIOlle 
case8 where cargD shift during the accident increased the hazard to the flight 
crew. (A notabl~ instance was the 880 Miaai accident in 1976 where cattle pens 
broke 1008e duril\l an overrun and blocked the cockpit door.) Training accidents 
moat frequently involve engine-out takeoff attelllpts. These accidents involved 
extreme yaw and roll angles with ground strikes of wings. engine., or aft fuselage. 
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'fABLE 3. STRUCTURAL DAMAGE SEVERITY 

DAMAGE
 
CATEGORY
 

1	 MINOR IMPACT D~~GE - IN~LUDES ENGINE/PYLON DAMAGE OR SEPARATION. 
MINOR LOWER FUSi:..I.AGE DAMAG~. AND MINOR FUEl SPILLAGE. 

2	 MODERATE IMPACT DAMAGE - INCLUDE HIGHER DEGREES OF DAMAGE OF TYPE 1 
AND INCLUDES GEAR SEPARATION OR COLLAPSE. 

3 SEVERE IMPACT DAMAGE - INCLUDES SEVERE LOWER FUSELAGE CRUSH AND/aR 
CLASS 1 OR CLASS 2 FUSELAGE BREAKS. MAY HAVE GEAR COLLAPSE. BUT NO 

.... TANK RUPTURE • 

4	 SEVERE IMPACT Dl~~GE BUT NO FUSELAGE BREAK - INCLL~ES MAJOR FUEL 
SPILLAGE OUT. T~ WING L0~ER SURFACE TEAR AND WING BOX DAMAGE. 

5	 EXTREME IliPACT DAMAGE - INCLUDES CLASS 1 OR CLASS 2 FUSELAGE BREAKS 
WITH WING SEP~TION OR BREAKS. MAY HAVE GEAR AND/OR ENGINE SEP~~TION. 

6	 AIRc~r DESTRUCTION - INCLIIDES CLASS 3 FUSELAGE BREAKS OR DESTRUCTION 
WITH TANK RUPTURE. GEI..1 AND/OR ENGINE SEPARATION. 

FUSELAGE BREAKS.	 CLASS 1 - SECTIONS BREAK REMAIN TOGETHER 

CLASS 2 - SECTIONS BREAK AND OPEN 

CLASS 3 - SECTIONS BREAK AND MOVE OFF 



TABLE 4. SUHMARY OF FATALITIES AS A FUNCTION OF DAMAGE SEVERITY 

:i!t Acc.idents 
Hull 
loss "Fire OCCUilants 

Tot~l 

F"a~., .,., ~ 
:r 

Fir~ 
~- ~ 

,J 

Tr~Ur.':l 
f- ~ 

~rO:;nin9 
,; 

IJnk. 
F.~- % 

ClD 

2 

3 

"5 

6 

lm~· 

5 

24 

22 

40 

3S 

20 

7 

3 

12 

20 

36 

35 

',0 

7 

4 

6 

9 

35 

23 

18 

J 

616 

1684 

2024 

3425 

2618 

1990 

311 

53 

1 

225 

875 

934 

1547 

156 

0.6 

.06 

11.11 

25.54 

35.68 

77 .74 

50.16 

53 

0 

5!l 

77.2 

335 

169 

2 

8.6 

0 

2.72 

21.06 

1Z.eO 

9.50 

.64 

a 

1 

. 5 

5 

210 

190 

65 

0 

06 

0.25 

.15 

8.0l 

9.54 

20.90 

a 

0 

16) 

18 

32 
'. 

3 

0 

a 

C 

8.15 

.53 

1.22 

0.15 

0 

a 

0 

0 

130 

357 

1165 

89 

0 

0 

0 

3.BO 

15.93 

SS.511 

2E.li2 

153 133 103 12668 3791 29.93 135;) 10./e 476 3.16 213 1.72 1741 13.7·' 

* :nsufficient information for cate~nry assignm~nt 



Some accidents involve toucr-and-go landing practice. The principal variation in 
structural configuration is in placement of engines. Approximately 60 percent of 
the Ilccidents involved aircraft with wing-mounted and aft body-mounted engines. 
The aft-mounted enginea only separated from the aircraft due to high acceleration 
loadi"g, while the wing/pylon-mounted engines separated both from high accelera
tions and from contact with external obje~ts. 

STRUCTURAL DAMAGE. 

Of tt.: 153 accidents studied, 94 involved aiccraft with engines on the wing pods 
and 59 involved aircraft with engine pods ~n the dft fuselage. In figure 3, it may 
be seen that engine separation occurred in 55 percent, landing gear collapse or 
aepalation occurred in 7S percent, wing DOX breaks occurred in 4S percent, fuselage 
breaks occ·,lrred in 48 percent. and water ditching impact breakup occurred in J 
percent of the accidents. The separation of an engine and the breaking of a wlng
box imply fuel spills. In 80lle instances, a fuselage break in an aircraft with 
aft-mounted engines also caused a fuel spill. The Wide-body long haul aircraft 
have lIain body landing gear which transfers high impact loads to the fuselage 
structure. Water ditchin~ impact breakup i8 considered separately from fuselage 
breaka because, in general, the hydrodynamic forces involved are different. 

Considering fuselage break8 (excluding fuselage lower surface rupture) of the 153 
impact survivable accidents, 64 are known to have experienced one or more breaks. 
Forty-six of the 64 were fatal acciclenta. AvaUable data indicate8 that 39.5 
percent of the persons onbo8rn in the &4 accidents were fataliti... The other 82 
accidents in this study did not experience fuselage breaks. and 27 of these ~ere 

fatal accidents of which 20.6 percent of the penons onboard were fatalitl••• 
These data are plotted under figure 4. Of the 64 accidents experiencing fuselage 
breaks, 6 involved the aircraft touching down (iapacting) on ground cr in swampy 
areas with shallow water. Data on these accidents are plotted ir figure 5. The 
six water entry accidents, in which the fuselage broke into several pieces and had 
a 36.8 perce'lt fatality rate (36.8 percent of occupant.8 onboard), are further 
discu8sed under the "Unplanned Wate.." Contact" section of this study. The S8 ground 
slide accidents experienced fuselage breaks due ::0 aain landhg gear separation/ 
collapse, e~cessively hard touchdown on hard flat/impact after takeoff, touchdown 
in areas of trees/building/objects or on rocky/rough terrain, or combinations of 
these conditions. 

With resp~ct to fuselage lower surface rupture of the 153 impact survivable 
accidents. 57 aircraft are known to have experienced considerable da.age to the 
lower fuselage and little or no damage to the upper fuselage ( ..hove the floor 
11ne). Seventeen of these 57 were fatal accidents. with 17.5 percent of the 
persons onboard being fatalities. In addition to the accidents with luwp.r surface 
damage, three of th~.. were fatal accidents with 45.8 percent of the per'ons on
board beir.1;: htaUtie.. Lower fuselage tear or rupture Kenerally occ",r when 
landing gear faU, to support the aircraft. Thus. scrubbing on rough sUt'iaceF 
(so.eti~es evp.~ on the runway) rips open the thin skins and body fraaea. At the 
saGle time. ~ing-box fuel tanks are alao subject to rupture and fuel spillage. In 
37 of 53 ~round slide accidents (4 of the 57 accidents were water entry accidents). 
the wing-box was probably ruptured and of the.e, ~2 to 35 involved minor to sev-.r& 
fire!>. Lower 8urface damage accidents are divided into three grc)upa for study 
pnrposes: extensive rupture, ..inor or lIoderate damage, and those involving water 
entry. The four accidents involving water entry are discusRed under the "Unplanned 
Water Contact" aection of this study. 
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SUBSYSTEM PARTICIPATION. 

The crash dynamic resporlse and intera~c1on of the various components ana their 
structural sY8te~~ are shown in table 5. The frequency of occurrence or part1cl
pati~n of each of these structural 8~8tem failures in the data base of accident. 
considered is shown 1n table 6. The diagonal shows the total participation of any 
one component wh1le the off-diagonal values show co-participation of other com
ponents. The data presented on cab~n interlor. seats. doors. and floors arl! as 
cited 1n the accident data reports. The failures associated with these subsystem 
areas have such a si6nlfican: effect on occupant survivability during an emergency 
evacuation on e1ther land or water. 'rhose faUures affecting occupant surviv
ability during wlter impact occurrence wf 11 be fur the 1:' discussed 1n the "Unplanned 
Water Contact" section of this report. In this regard. it should be noted that in 
field investigatlons of accidents. interior structural component failures are not 
consistently documented and omission of aention of a particular corponent does not 
necessarily indicate no failure has occurred. The participation of structura::' 
factors In fatalities is shown in figure 6 (the percentage fatality participatio~ 
coaing from table 4). The aajor factor in fatalities is fire/smoke. The unknown 
represents a combination of trauma and fire. The role of trauma Injurie. In fire 
fatalities is undefined. 

Available factual data relating to the 47 accidente citing door/exit problea8 are 
tabulated in figure 7. These data a180 indicate that most occurrences (47 percent) 
involved doors at the front of the fuselage and only 16 percent at mid-body and 27 
percent at the aft fuselage. Th1s ratio 18 expected. since during ground-sUde 
.ccidents the forward fueelage 18 the fint to impact object. such as building•• 
trees, poles. etc. These data a180 indic.te that forward fuselage doors Invulv£d 
jamming in 64 percent of the casea and blockage in JS percent of the e..... Doors 
in the aft fuselage had approximately the same ratio. Hid-body exits, however. had 
this ratto reversed with blockage being 64 percent of the cases and jamming only 36 
percent of the cases. It 18 probable that wing-box structure provides protection 
from jamming of the mid-body over-wing exits. 

Of the 153 accidents. 36 are known or reported to have experienced pa.senger or 
crew area floor displacement or rupture. Such failure8 were reported as "probable" 
in 4 other accidents. Statistical data on these occurrences are tabulated In 
figure 8. For study purposes. these 36 accidents are divided into three groups: 
IS that did not invo!vft a fuselage break, 17 that did involve a fuselage break, and 
4 that involved the aircraft touching or overrunning into water. 

OPERATIONAL PHASE. 

The percentage of accidente by operational phase and by operational tt..e i8 shown 
in figure 9. Considering those operational phases taking place near or on the 
ground (load, taxi, ukeoff. initial cUmb. initial approach. final approach. 
lan.t1ng). 79.3 percent of the accidents occur in 18 percent of the operational 
time. Further. those accidents that o~eur during cUmb, cruise. aDd descent are 
generally non-.urvivable and were considered outside the range of study and 
selected data base. The average distance fraa the airport that the varioue accl
d.nt types occur i. shown in table 7. Pigure 10 compar.s a fatality rating to the 
distance fr~ airport In miles. The accident s.verity i8 related to the distance 
frum airports at which aircraft accident. occur. Accidents around airport.; hard 
landings. takeoff aborts, and overshoots are relatively fataUty free. Under
.hoot. which occur at approach velocltiel. but involve terrain with so... delree of 
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TABLP: 5. STRUCTURAL SYStEMS 

t"c~ !.~... 
storl..,e 
5y."_ 

ftoor Sc.r"'ct .... '" 

Sutol 
R."r ..,nt. 
h'''''''' 

'.bin Int""rior 
S.,..\••, 

E"try eno 
Esc_ Doors 

Energy Ab'orption 

floalatio~ 

Fgress 

SVPPO'l floor leem. 
SvppOrt Cabin '"leti"r 11_, 

'.I.in st,vctv,.1 Inte..,rity 
Limat ;~~a 'pi"ag_ 

lIte-str.in S.t.tl/Tr.ck. 
(ntrwy ~t~trpti~ 

Provide Ell""'" 
C_ln ,,,t..,io, It... 
••tai" Struc,vr.1 Int.yrlty 

Occup.nt Cont~i~nll 

Protect ion 

R~ln Att.ch.d to floor 
R.I •••• e' R.quireo

(1.lu/He,n...) 

Contellt. Contel_lIt 
Remein Att.ched to Stricture 

CrySH DYNAIIICS 

Engine Line Ruplu" 
Dody Line Rvptu,e 

o,'o,...t;O" 

II~Plu" 

s,.t Tre," lIel.",·\,/ 
R~plure 

Sut Avplure 
"It/H.rn,•• auplu,e 

Ov.rhead Comp.rt~nt 

Spi liege 
Ov~,h.ed Ca-pe,t..nt 

5epa,.t io" 
C.i ling "nel/Sidew.11 

S.p.,••,/""
'all.y/CIQ,et/Olvide, 

Separalion 
, .. II.ylClo•• t 5plIl.ge 

Ilock.V' ~y O.b,l.
 
J_d bY F1oo'
 
J_d DY Fv•• laoJe
 

Dl .tort. 

In"'ve't~nl Opening 

INTlolAtT ION 01 UCT llESUL T 

lne,~.,. Ab~o,ption 

by Oefar... tion
 
lnergy Absorption
 

by G,o. "iClio"
 
U..per F·Jul,..,,, iue IIF i re/Smok.. f
 

Oi.tortion lI.ter /llud En! r y
 
looy fuel/Elee. f 10"1\ ion lou
 

Line Rv!»ture Fu,el.ge Damage __
 
$eeu Surviv.ble Vol. Los.
 
Doo,/h,u"'es £g'ess 810ckage

C.b In Intl!'r i"r ~.it l~, •••1 ui.~l.~~
 

f 100' St fI.ct",e
 

s•• t ,IT r eck/F 100' Energy Ab.orptioll 
"em by Oefor... t ion
 

C.bin 'nle,iH It".., Su,viv.ble Vol. L~,.
 
t'oor,/H.lchet Oc~up.nt EJ.ctlonl
 

19rt'.. Route
 
looy fuel lin•• Lao,. C.bin Int~rior
 

It....
 
floo,/Seat TrIck


"llt'tI.,.
High f 100. Aceel. 

1100' Slru". Fuel/Fire Ent,y 
Oi.pl.ce. 5.e, Sep.,at ion/ 

~e.t. Eject ion 
,_in Interior Item. 'ebln D.bri. 

f loatAt iOIl LoSS 
In.,gy Ab.a,pt'on 
f ..... I.V' Ii_II' 

"y lon/£ngl ne fuel Spi /I
 
fu•• le90
 

Seet Tr.ck/5Iet, Energy Ab.o,ptlon
 
C.bln Int.rior It.ml £,., •• Ilock,ge
 
Ooo,,/H.tc"e.

Selt Tr.ck./S.lt.
 
t'bln Inte,lor It....
 

floor ...... s,.t EI,vet ionl 
S.".,.t i", 

£ne,g.,. AD.o.ptlon 
Load Li •• ltln", 
Uccup.nt K.II~'5'/lnJury 

5.11 St,u~ture iJc,,,p.nt Ejection/ inju'Y 
'ulkhead Structur. Ene.~.,. Ablorptlon 

Upper Fuselege ~eb i n Dlbrl I 

Floo, II.... lv,eu 8lock. 

Cebin Inte,lo, 5.,. •• ~9"" Iloc;kA9f
 
'Ioor 5t ruelu'. Fue IIf i ,./5.IIOk,
 
Uppe' f ..~IAge Entry
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TABLE S. STRUCTURAL SYSTEMS (Continued) 

L.ftCllnll C••, l".,~, A~IO,p~lon 
Meintein G'd. CI ••,en,e 
Sepe'et9 with 

to AI,f,_ 
no D...~ 

lWin/.Olly 

Wing 'ytonl Rlltt Oblt,~,tionl 

E"g;'" 

tne,~y Ablo,ptlon 
,.,I'et' .ith no D.-.ge 

to IIlrl,_ 

"Owldl G,. R,.,tlon 

Aft 'ylonl 
hlll"e 

Sep.rece .Ith 
to Airfr_ 

~g O~.~e 

WI"g St'~et~,e Support ",in C•• , 
Support E"9i"a"ylon 

Contll" '~el 
"...:!, Ob'tr~'1 ion, 

'''''''1 Ale Roi; 
Ene'g, Abso,ptlon 

Egrns Rout' 
'ro"lde , lo.tlt Ion 

CRASH DYIWIICS 

Collap,. jlft/S/:!e 
and/o, SaDI,etion 

toll'Ple 0' S.p.,el;on
Afl/Siae 

Defo'lOItlon 

Oelo'lOIt ion 

Wi"g loa .,,'" 

l_, Su,fue "I' 

DIREtT RUULf.!.!!.!l~ 

LlHcl Alrl,_ E~.,gy "b,o,plion 
by G... 

fo,w.,d 'u.,.II~' ("e,~y Ablo,ptlon by 
lO,d. ConllU c.rd. fr Iu Ion 

[".,gy Ablo'ption by 
Lwr. f"se. o.f. 

'I".t,.te L_r c... O-lle 
fute'ege	 F100' IIIfo,... t ion 

Fire [rotry to C.bin 
F"•• lege .,.... 

Wlter/f"el/f Ir. (ntry 
to L.W't ,,,••• 

Lwr. fuse. 'en-e- Eneryy Ib,o'plion by 
t'.ltion 'ylol' Def. 

III n~ 'od C.'d. C'd. i ....1C1 10.0. 
Coni." 10 Wing 

Win9 G,d. I..."t 
lIin, to. , ••,	 fuel Spili/" i,. 
$1_1"11 of Ale	 fuse"ge .r,,~.od, Fuellwr t , tI'e. Pene.. Lin,
 

tr.tio" are"'lf I ••
 
Aft StruUu,. ( ..."nlil a_ge
 

CO"lteet
 

lwei Winll St,,,,,,,,e	 Pylon/Engine O_~.
 

Ene'gy Ablorption
 
LoaD Wing Struel" t
"d. friulon
 

fu.I/Elect,i,1 Pylon/Engine D_~
 

lIy""ull, L1..

""ptll,e
 

Fluid Spill/ll"lnll 
'Ire 

Wing loa Web T'I'	 Wing Ill" 'r.1I< 
Wing l_, S"rflee t~rllY Abl.,ptlon
 

Ponetrlc Ii>'
 
Wing trOll". ~n"t"l
 

ruel/lleet'ie Lin. Pylon/En~ln. Oem.~e 
RUPh.,. ru.l Splll1A"ln~1 

f I,. 
fUllllge flrr d"'lI. 

LOid fu••• Slru,I,,'e	 Ene'9Y Ablorptlon 
f"el L.lk 
WIr.lI DIIIIg" 

I4lt Dyn..,.I,.1 'uel Spill/Fire
f1olutlon LOll Wing ~_ge 

Hinder Egr... 

"It Dyn..,.lnl Fuel Spill/fire 
, 1011.t1Clf1 Lo.. Win, DIftWI"e 

,,,.1 SpiIIlFI,.
 
Wing D_II1
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TABLE 6. STRUCTURAL COtfPONlNT PARTICIPATION 

I I 
Numbers of Accidents - 153 Total 

Hull Gear Engine Fuselage Tank Cabin Body 
Loss fire Seo. Sep. CruSh & Brw Rupture Interior Seats Doors Floors Fuel lines Water 

Hull l.ill 95 80 70 90 100 31 36 ,11\ 32 7 IS 

fire I 95 103 64 59 70 85 25 27 28 21 5 4 

Gear 180 54 95 51 62 71 33 26 38 ]] 5 8 

S9 57 80 61 61 30 28 28 26 4 10... JEn~ine /70 . \,oJ 

Fusp.hcre QO 10 li2 61 !QQ 73 34 38 4il 38 5 14 

hnk 100 85 71 61 73 101 33 32 31 25 6 10 

Cahln 37 15 33 JO 34 33 45 l6 24 22 2 1 

Seats ]Ii 27 26 28 38 32 26 !}. 23 ,4 :; 5 

Doors 28 J8 r.; 41 3l 24 23 47 30 3 5 

Floors 21 33 26 38 25 2Z 24 30 42 3 7I~ s 5 4 5 6 "2 3 3 3 7 2 
~IU'" !!Water 4 8 10 14 10 1 5 5 7 2I15 
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roughn... and contour unpredictability at an average distance of approxll1attlly 900 
feet shy of the runway. are lIoderately sevece. but le8. than the average. Stftlls 
which occur on an average of about 1.2 nailes frOli the airport are severe accl.ients. 
The airplane t. uncontrolled attitude at illpact during a Btall contributes to this 
s.verity. ColliaLon with obstacles near the airport are relatively mild. Usually 
they involve wires and approach light8 which damage the airplane but do not inhibit 
the pUot from making a safe landing. Injuries that result from this type of 
accident often occur durIng the evacuation from the airt'ltane. Collisions with 
obstacles. generally trees and bui Idings t are more fatal than the average. This 
type of accident occurs at an average distant of Z.3 ml1e8 from the airport and has 
a btality ratio ,equal to 1.86. Uncontrolled ground/water collisions occur at an 
average dhtant of 2.7 m11e8 frOID the airport and h'lve a fatali:.y ratio of 3.26. 
The ~ontrolled grt1und/watt.'r collision accident type occurs at an average dhtance 
of 8 miles from the airport (excludes one accident approxll1ately SO ..Ues frOlll the 
airport) and has a normalized fatality rat10 of 3.59. which i8 the higheBt of all 
the categories. 

TABLE 7. AVERAGE DIST,.NCE FROM URPORT A.SSOCIATEO WITH ACCIDENT CATEGORIES 

Average Distance 
Description fro. Alrpurt (Ml1e8) 

Hard landing 0.00 

Controlled coll1610n 7.80 

Uncontrolled collision 

Undershoot .16 

Stall 1.20 

Collision with ~bstacle (all) (1.50) 
(a) off airpurt 2.30 
(b) at airport 0.00 

Aborted takeoff .13 

Overshoot .11 

SCENARIO( 8) 

Prom the study of both ground and water accident8 1n reference 9. three representa
tive crash BeenarioB were identified with their seleetion based ,'pon accident 
conditions involving con5equences 8uch a. the aforellentioned atructurr.l failures 
and occupant injury levels. As identified. th.ae acen_rioa are described in 
the following paragraphs. 
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AIR-TO-SURFACE. HARD LANDINGS. 

This scenario considers those types of accidents in which the alrcraft illpacts a 
level surface from the air. is ch.racterl~~d by a high sink rate with wheels u~ or 
down. with the airplane in a syalmetric noseup or nosedown attitude typical of a 
hard lant,lng or approach accident. Crashes on a final approach usually occur 
because the aircraft is not where the pilot thinks it i.. The fOfw&rd speed of the 
aircraft is between the speed for llap deployalent (160 ta 175 knots) and stall (120 
to 120 knots). The rate of descent is becwf!en 3 and 12 lIetera per second (a/'.) 
(600 and 2400 feet per minute (ft/.in). Th~ angle of the aircraft relative to the 
ground (pitch) is dependent on the slope of t'1e ground and the attitude of the air 
craft. The airplane altitude is assumed s~\wetrical 'lith +15° pitch. wilh impact 

"on the runway or within 200 lIeters of the l~unw"y. The aircraft gross weIght 1.!1 
weight at takeoff less weight of fuel burned. For landing accidents. forward speed 
lIay be between the preflcribed landing speed and stall speed. SOlie instances of 
higher speeds weu not·:!d. but these cases re:-Julted in overruns. The pitch ()f the 
aircraft is between 3° to 4° nosed downlup to the noseup stall angle. Rate of 
descent is between) and 12 Ills (600 and 2400 ft/min). 

AIR-tO-SURFACE, FLIGHT INTO OBSTRUCTION. 

This scenario cons1d.,rs those accidents in vh Lch 8f' airplane encounters a hostile 
environment at iapact such as durIng an unde.shoot. In this scenario the hazard 
and terrain conditions have a significant Inf .uence on the severity of dallage the 
airplane sustains, The hazards include ravine•• embankments. lights. poles, treel. 
dikes, buildings. and vehicle8. Theae accitents can be generally described as 
controlled or uncontrollad collisions with c"bstacl.a. hostHe terrain or water 
(underahoot) occurring near the airport (froa J~O to 1200 aeters off the runway) or 
1n 80lDe cases several lI11es froa an airport. If the accident OCCl\rS during the 
landing or approach pha&e. the airplane is ill a level attitude wir.h 0° to +15· 
pitch. arid approxilDately zero roll and yaw. If the accident occurs during takeoff. 
the pitch can range frolll 0° to +45°. roll frorl +5· to +4~·. and tht: yaw from 0° to 
+10·. The ranges of forward speed and sink speed are froll 120 t.O 200 knots and 
from 3 to .2 at. (600 to 2400 tt/m1n). res M!ctively. The hazard8 and terraln 
conditions h6:Ye a signif1cant effect on the Jtructural dalllage and airplane poat
illpact behavior. 

The Ai r-To-Surface Hard Landing and Flight Into Obaruction Bcenarioa or cra.h 
environllents are \lOlt representatIve of aeven unplanned water i.pact cases iden
tified in table 1. As applicable to a high sink rate approach or landing under
shoot on the water, the scenarios de8cribe an iapact condition in which fU8elage 
rupture and loss of lives is 1I0st likely. due to a cOllbination of high i.pact 
loada. obstructed escape routes. and/or in&t.antaneoua C4bin flooding. In addition, 
the ac.enarios define the situation in wh".ch nnboard .urvival equi peent ite•• , 
norllally lIItended for use during a planned ditching occc.rrence. would probably not 
be readil:-' available. due to non-acceadbLe .towage (do<:rs. overhead, etc.) and 
lnsuffic1ent retrieva! and deplnyaent tine. For exaaple, the us. of _lUple 
occupant liferaft and elide-raft devic.s i. dependent upon an intact fuaelage with 
operational exits andlor acce.sibility to equipaent stowage area. not affected by 
~evere cabin flooding conditions. 
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SURFACE-TO-SURFACE. 

Thi. scenario considers those accidents In which the aircraft 1s on the ground and 
encounters obstructions. The accident Is characteri2ed by horizontal motion of the 
airplane into a hazard such a8 during takeoff-abort or landing overrun. The sink 
speeds, including ground··slope effecta. range frota 70 knot.8 to rotation speeel with 
the airplane in a level attitude of the hazard encountered an.d range froll paved 
surface, and hard ground (sliding contact) to ditch.s, hUlli>8. "ehieles. light 
poles, buildings. soft earth, andlor water. 

The surface-to-surface crash scenario characteri"es the three identified cases of 
an aircraft overrun or slide/roll into the vater ~ table 1). It delcribea rela
tively alnor iapact conditions 1n which the cabin l'elUin. gene!'.ally intact and 
allow. tilDe for occupants to evacuate with full use of all enbeard elIergency 
equipment. This scenario describes an impact occurrence with a high probabilit.y of 
survival. 

RISKS/EQUIPMENT NEE~S 

Prior to identifying the o>ccupant risks and equipllent need. a••ociated with an 
unplanned vater contact occurrence, 1t 11 nece..ary to review the boundary con
cUtion. which have already been identified for both the uncontrolled ground and 
water i.pact crashes as presented under the scenario section of this report. It II 
a1ao nece.a.ry to review those conditions which have resulted frOll a controlled or 
planned emergency vater landing. Thh review will allow for an underltanding of 
difference8 that exi.t between ground ver8US water cra.h occurrence. which involve 
a OOcontrolled" or "uncontrolled" aircraft. NotwithsrancUng the Umtted number of 
vater Impact occunencea and aSlociated infor.ation avanable. the review will 
provide a better insight into those aspects affecting occupant survivability during 
the inadvertent impact of aircraft on the water. 

From the aforementioned study results. it is obvious that the operating conditionl 
and circum8tance8 leading to either a ground- or water-impact occurrence are 
generally equivalent. However. during the actual impact event. it should be noted 
that the ilDpact load. are tran8lattted Into the aircraft fuselage/floor structure 
in a different lIanner 48 a result of surface varlations (ground veraus water), 
plowing. hydraulic effe,:ts, etc. Accordingly. the damage to an aircraft structure 
under equivalent crash conditions w111 vary betweliln a grou;id and water impact. 
There are other variances 8S exhibited by the fact that the ground i..pact .ay 
involve a fire threat while the water Impact concer.l. the potel\t1al of a ainking 
fuselage. 

Conaidering strictly the unplanned vat@r contact oecurrence, And the smtll nuaber 
of survivable ca.es reported during the last 20 yearl. it must be recognized that a 
larlar accident base vit~ mClre detailed inforaatioa 18 needed to deteraine and 
deY.lop any 8ubltantial isprov••entt. For exa.ple, in the reYiew of the 11 water 
impact cae.s in this study. very little pOltcrash infor88t10n vas available because 
the fUI.lag.s needed for lubsequent evaluations were most often nonextstent (due 
to linkl~I). Allo. unlike the controll~d water impact or ditching occurrence, no 
analy.18 or tests have ever been condllcteC: which describe quantitatively the 
behavior of an aircraft during an unplanned "ater contact. However••ufficient 
info~atlon 1. available which deplctQ a controlled ..er,ency landing on the water. 
a. .,.11 al an uncontrolled iapact on the ground. While the controlled vater and 
uncontrolled ground ilDpact accelerations are usually lee8 severe than the ... 
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characteristic pulses experienced during an uncontrolled water ~ra8h (due to 
plowing), it 1& believed that accident data obtained from the larger number of 
unplanned ground impact occurrence8 can be correlated to 8011le 'Jegree with data 
already obtained froa known controlled w.ter i.pact (dlt~hi~g) occurrences, 
analys18 , and model teats. Frolll this information it should tw. pc.ssible to form 
a rational basls which prOVides for the identification of.)ccupant riak.B and 
survivable equipment needs appropriate to the unplanned water contact occurrence. 
A more indepth review of thf! planned and unplanned water c'.>ntact occurrence is 
prOVided under this section. With respect to thh review, it should be noted 
that many of the reported ground i.pact accidents coul~ have equally involved water 
cr.ahes, had the impclct zones of the surrounding air~'·. t ,.reas been water rather 
than land. Not"ithstanding the higher number of grounQ illpa~t o~currences, the 
nv.ber of water crash events could have been potentially ~1~her. 

PLANNED WATER CONTACT. 

The planned water contact occurt'ence can be de8cribed!lS a et'mtrolled and 1\0r....11y 
configured ellIergency landing of an aircraft on the wioLer. Th1s e.ergeney water 
landing or "ditching" occurrence ill further defined by He NTS8 as a "forced 
landing of aircraft 1n water" (reference 13) of which auch conditions exclude 
Instances where an aircraft collided with land or water in uncontrolled flight. 
The ba8is for an estabUshed 8cenarlo coverbg an e_rlency wlter landing 1. 
prescribed under the various sections of the FAR'. which relate to require..nts on 
a1rcraft water impact behavior, floatation characteri8tics, e.er8en~y .Xitl, equip
llent, and de.onatrated occupant evacuation capability. Under the identified 
aircraft general ditching provi.iona of Part 2S (reference I), it il reqUired that 
.11 practical delign measures, compatible with the general characteri8tice of the 
airplane, must be taken to a1nl~l&. the probability that In an e.erg~ncy landing on 
the water, the behavior of the airplane would cause i...diate injury to the ~ccu
pants or would make it Impoosible for them to eacape. For example, there should 
not be any exclusively high vertical, lateral, or 10nl1tudinal acceleratione 
developed, any dangeroue tendency for the aircraft to dive under the water, or any 
excenive structural d.age which would cause rapid sinking or coUaj)8e of the 
structure about the occupants. FrOID the structural a.pectl, theae provisions 
provide that external doorl and windows have strel~th to withstand probable aaxiaum 
water locaJ pressures which are likely durlng a water landing, or if not 10 sub
atantiated, the effects of their. collaple must be cons1der.-t in evaluatinl the 
aircraft water iapact behavior and floatation characteristielJ. In addition, tbe 
provi810ns plovlde for a determlnation of fuselage buoyancy and substantlation that 
the floatation time and aircraft tria (eonB1derinl exit aUl heighu, IUuetural 
damage, and leakage) will allow the occupant. a sufficient period to .afely 
evacuate the aircraft. For the aircraft 118nufacturer.'a d••onatrated eo.pliance to 
theae provi8ions, the fuselage bottom Itrengtb 11 verified to a5aure against 
ditching impact damage which .ight lead to excelaive water influx to the cabin or 
lead to adverae ditching behavior. In addit lon, an analya11 18 provided to 8Ub
.tantiate aircraft trim buoyancy and floatation periods with and without underatruc
ture rupture and i ..pact dataage. n.e aethadl of anal~'d. vary between dllllOnatrated 
scale 8trenath aodel landing telta with and without alaulated wave pattern. to 
coapart.ons wlth other airplane. of .t811ar conflluration. whoae dltchlna perfor. 
anee ia knolL.,... 

FrOll a review of theBe jet tran.port ditching 8ubstantiatlons, and taking into 
account various confilured aircraft and their landing weightl. approach attitud•• , 
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speeds, descent rates, floatation characteristics, sea statea, etc., several obser
vations were made. First, demonstrated emergency water landing approaches are made 
in a controlled manner with gear-up (if retractable), full flaps, and at a normal 
landing speed with an impact descent rate of 1~~B than 5 ft/sec. Several aircraft 
are limited to a maximum vertical descent of 3 ft/sec to preclude fuselage damage 
and, in such cases experience longitudinal and vertical accelerations (considering 
perpendicular beam sea approaches) in the 2 to 4g range, respectively. Floatation 
tiae. aSBuming no extensive fuselage damage but allowing the 108S of buoyancy at 
appropriate non-pressurized areas, such as gear wells, fairings, emrennage, and 
wing center sections, has been shown to extend up to a 10- to 45-lIl1nute period, 
depending on aircraft size and configuration. In such cases, the aircraft buoyancy 
and leakage effects are analyzed to assure sill heights remain above the water and 
emergency exits are useable during this period. It 1s further shown, within these 
floatation periods, that occupants have sufficient time to evacuate the air.craft, 
taking into account, the operation of emergency exits and the retrieval and d~ploy
ment of stored survival equipment, i.e., lifevest, liferafts, sliderafts, etc. A 
nominal 3-minute evacuation period has been considered satisfactory under such 
...rgency conditions. High-wing commuter aircraft usually display a water rollover 
attitude In Which exits on une side. luch as main entry doors. mayor may not be 
useable. These aircraft, as well as any aircraft whOle exite due to adverse 
fuselage floatation attitude .ay not be avanable. are designed with additional 
ditching exits to accoDllodate evacuation of the total onboard occupancy. COnsider
ing expected aea condit1on3, recent ditching subnantiations have been predicted 
upon aircraft impacting water with 6- to 7-foot waves running parallel to the 
aircraft line of approach. Indicated are the conditions that if an aircraft i8 
landing head-on into the face of a wave, excesaive fuselage Ilamage could occur. 

To date. the planned emergency landing of a Jet tranar.ort aircraft in water is 
rare, with onl,. one intentional case involving an Overseas National Airwayl 009. 
May 17, 1970. As identified in table 1. the aircr8it ran cut of fuel and was 
unexpectly ditched N~rthweat of St. Croix, Virgin blands. While 40 occupants 
survived (35 paRsengers and 5 crp.w mellbers), there were 25 occupant fataUties 
(including a stewardess and two infants). This ditching relulted in an NTSB 
special study (reference 4) which included the aircraft impat.t c!yn8llics, equipaaent 
fallure and post-ditching emergency egress problems. The magnitude of the decel
eration was estlQated to be 8-23g's (longitudinal) applied over 0.5 to 1.0 seconds, 
with the aircraft 8topping in 15.2 to 24.4 meters. In this instance, the preditch
ing briefing was incomplete, and the stewardeas and at least five passengers were 
unrestrained at impact. At least seven restrained passelllers were thrown from 
their seate, and their double-seats failed, which contributed to the fataUties. 
It WAS estimated that the aircraft floated for 5 to 6 minutes and most passengers 
were evacuated within 2 to 3 minutes. This floatation period vaa approxi.ately 
one third the time identified under the DC9 ditching substantiation. which leads 
one to believe that significant lower fuselage d..age may bave been present. Allo, 
while the estimated impact conditions were within surviVAble limite for a 
restrained occupant, such conditions (conaidering ainimum f.loatation tiae) appeal' 
to represent the upper li~lt for either a planned or unplann~d cra8h of an aircraft 
in which occupants without sufficient prior briefings have time to retrieve and 
deploy existing emergency equipment (lifeveeta, liferafts, ete.) and evacuate into 
the open water. 
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While 'lot included under the aforementioned data base, an une1tpected, but con
trolled ditching of a smalier Lear Model 23 aircraft occurred on Lake Michigan in 
March 19&6 during an approach landing to Meigs Field (Chicago). The 12-passenger 
aircraft with only the pUot aboard had an engine flame-out on approach and the 
pUot lauded the aircraft on the water (4-foot waves) at approximately 90 knots 
within 9UO yards from the end of run~ay. An escape hatch was used by the pilot to 
evacuate the aircraft, since the water was over the lower main door sill. A 
1iferaft was dropped by helicopter for the rescue of the pilot within 5 minutes 
after touchdown. The aircraft subsequently was towed to shore and prior to 
retrieval remainE!" afloat approximately 24 hours. The damage extended to missing 
flaps, torn fairi.,lgs and fuel/hydraulic lines, lost left wing tip tank gear door, 
and ~rlnkled fuselage skin. This case points out that fur either a planned or 
unplanned water contact occurrence, if the impact forces are sufficiently low and 
the aircraft fuselage remains intact without significant rupture and leakage, the 
chances of occupant survivability, resulting from extended buoyancy and floatation 
of the fuselage, in substantially increased. 

UNPLANNED WATER CONTACT. 

The unplanned water contact occurrence defines an uncontrolled and/or Improperly 
conflgured impac!; on the water. Accidents in which aircraft impact water uneK
pectedly involve special hazards. In air-to-surface accidents, which included the 
previously discussed 009 St. Croix accident, 46.3 percent 0: the occupants drowned. 
Of the 16 water accidents identified in table 1, water vas an illportant factor 
in 10 of the unplanned illpact cases and in the aforaentioned DC9 occurrence. 
These cases are reviewed under thia section. Note, that under the DC9 occurrence, 
the pilot initiated a controlled descent into the water at approKiaately 90 knots 
(5· to 6· nos.up). However, the paasen,:'''ra and crew had not been cOllpletely 
adviaed and tile ditching occurrence was not truly a planned one. The number of 
fatalities (23) may have been reduced, if it was properly planned. 

Unplanned water ent ry accidents, considering theae 11 case8, appear to have 80me 
COllJllon factors. First, the} usually occur at night. Second, there is usually a 
relatively rapid lelas of floatation resulting in a portion or all of the aircraft 
sinking. Third, ~lile there has been confusion, some occupants have been .ble to 
evacuate the air<:r·~ft. Finally, aany of the drowning fatalities occur after the 
occupants have left the aircraft. Assessllent of the water entry accidents 18 shown 
In figure 11. ThE' accidel'ts are divided into two groups: high energy impact. .i:~" 

slide/roll into thE! water. There are eight high energy accidenr.s. There are three 
cales where the a:l rcraft rolled or slid into the water. For all these accidents 
the fuselage exper.ienced either lowet" surface crt..,lh or had one or 1I0re breaks. 

Six water entry accidents in which the fuselage broke into several pieces (fuselage 
break) had fatalitles (36.8 percent of thos@ persons onboard were fatalities). In 
five of these acc.idents, one 8Retion of the fu..~i age sank rapidly - some of 
the pas.eng_rs and crew probably were ejected or fell intu the sea without benefit 
of survival lear and others were trapped ill.ide. The other sectiona floated 
briefly, allow1ng evacuations into rafts or. floating slides. In other accidents, 
the fuselage sections floated briefly; however, 84 percent of those onboard 
drowned. Survivor reports indicated that in at least two accidents, interior and 
carry-on debris blucked evacuation routes and in two other accidents some eKit 
doors were ja.ed. In another, the p88sengE!r compart_ent floor vas displaced 
upward restricting e~.euation. 

19
 



Four accidents involved water entry; that Is, touchdown in deep water or rolling 
~nto deep water At high speed, such that the lower surface of the fuselage was torn 
or ruptured but the fuselage did not break (lower fuselage crush). Three of these 
four accidents resulted In extensive lower surface damage and the airer-aft sank 
rapidly. All three were fatal acciden,s with 18.1 percent of persons onboard being 
fatalities. One accident resulted in moderate damage to the lower surface as the 
aircraft rolled into water and came to rest on its gear with the water al.: or 
slightly above the cabin floor. There were no fatalf.t les. However, in these 
acclder,t8, the aircraft floated at least ~ minutes and in mOlt cases 10 to 20 
minutes, thus allowing adequate time to escape. In three of the four ac~ldent8 it 
was established that the onboard rafts and float sliden were not used. 

The floor system was known to be disrupted in six of the eight high energy water 
entry a~c~dents. Disruption was due. in part. to the hydrodynamic forces of water 
entering the fuselage through the unrlerside through breaks In the fuselage. • part 
of chis disruption resulted in displacement and elevation of floor beaots with 
subsequent Reparation of seats. which contributed to problems in the evacuation of 
the .lire raft • In addition. doors were jammed and debris from cabin interior 
systems were present. 

Accidents. where aircraft skidded or rolled into water. experienc.d si~11ar damage 
ae the high energy impact. but to a lesser degree. ttowever. close proxialty of 
land. substantially reduced drowning. The 1S drowning. in the De8 Rio de Janeiro 
accident ",ere attributed to disorientation of the occupants after they evacuated 
tne aircr&ft. and to i~proper use of floatation devices. 

With respect to the DC9 St. Croix accident. even though it was known that ditching 
was inevi.table. there were problellls associated with the deployaent of stowed 
liferafts and Ufevest8. ether problems with this equipment were encountered in 
the DCS Los Angeles accident. It is felt that incidence of drowning could be 
8ubstantially reduced by better instructions and location of such equipment to 
improve accessibility. 

It can therefore be L~oncluded that In deep water e!ltry accidents In which tbe 
fuselage does not break, the survivor rate should be very high with proper crew 
response/actIons using available equipment such as liferafts and lifeveBta. 
However, "hen fuselage ruptures and llDl1lediate flooding occurs. it is evident that 
8uch equipment may uot be readily available for use. in which case. leat cushions 
and/or IDore accessible floatation devices lIay represent the only means of 8urviva
b1111ty. ~is is characterized by the three of four deep water entry accidents in 
which. as stated &bove. onboard rafts aod slides were not used. 

CONCLUSIONS 

In view of the findings contained in this study. and as they relate to the unplan
ned water contact occurrences, it is obvious that regardless of bow well certa1n 
equipment is designed, such equipment eay not be appropriate for use under .,vere 
environmental impact conditions. For exalllple. the use of aultiple occupant life
rafta and slideraft de~igns has been demonstrated to prOVide a safe means of water 
evacuation and survival on aircr.aft involved in minor water lmpac~ conditions. On 
the other hand. and under Illore severe i_pact condit ions involVing a ruptured 
and rapidly sinking fuselage. such equipment by its very nature cannot be expected 
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to be totally useable tor egres8. At this point. the occupant must rely on other 
existing personal equipment which is more readily available such as lifovest and/or 
individual floatation devices. Again. however. the successful use of parsonal 
floatation equipment under conditions of a sinking fuselage. is dependent upon the 
occupant's momentary knowledge of the equipment stowage location ~nd "anner of use. 
as described by passenger information cards and previous flight dttendant brief
ings. It is also dependent upon the ability of the occupant to retrieve and don 
(in the case of the underseat packaged lifevesu) this equipment under adverse 
flooding conditions (possibly under water). 

Conclusions obtained under thi9 study are as follows: 

1. Occupant Risks 

Unplanned Water Contact 

Involves different hazard than corresponding ground contact (sinking fuse
lage potential versus fire threat> 

Occurs less frequently than unplanned ground contact but more frequently 
than planned water landing (ditching) 

Leads to higher impact loads and greater fuselage damage than corresponding 
ground contact 

Usually involves flooding conditions whi~h adversely affect the ability of 
occupants to retrieve. deploy and/or don on-board floatation equipment 

Most often occurs at night and in many cases drowning fatalities take place 
afler occupants leave aircraft 

2. Equipment Needs 

Emergency Floatation Equ~pment 

That is intended for use dur Lng a planned ditching may not be useable 
during an unplanned water contact occurrence (multiple occupant type) 

• That 18 readily accessible for use by each occupant aay offer 80le _eans of 
survival under severe unplanned wster contact conditions (per_onal occupant type) 

• That is available for use during an unplanned water contact occurrence may 
vary in type between extended overwater and non-overwater operations 

That provides for occupant out-of-wate~ assistance offers additional 
prt;>tection against hypertheriDia effects (multiple occupant type) 

• That performs effectively 18 dependent upon effective cabin crew instruc
tions and ease of eqL:ipment retrieval. deployment and use under adverse flooding 
conditions 
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